the plant and unfurls its proboscis to feed on the nectar. To fi nd the nectar in the dark, the moth relies on the fl ower shape for guidance, which is why the species prefers fl owers with trumpetlike funnels, such as tobacco and petunia.
Using 3D-printing to create such fl owers with different curvatures, Campos and colleagues investigated which shape is best suited to guide the moth's proboscis to the nectar. In their design, the authors excluded all other features that might guide the moth, such as grooves or petal dissections. The results confi rmed that the curvature of the trumpet shape does play an important role. However, the optimal curvature in the simplifi ed system does not quite match the shape most widely observed in fl owers, suggesting that other factors beyond pollination success also affect the shape.
Outlook
If it is true that we only understand what we can build, then we don't understand plants very well yet. We may be able to recreate their largescale structures, their aesthetic, and quite a few aspects of their fl owers. However, we are only beginning to learn how to make leaves with photosynthetic functionality, and we know far too little about roots and the complex ecological interactions that plants take part in underground (Curr. Biol. (2016) 26, R181-R184).
Roots provide water and nutrients and are thus just as important for the life of the plant, and for our food production, as photosynthesis. Understanding and controlling this part could lead to food grown without fertilisers, which is why photosynthesis pioneer Daniel Nocera has already branched out and included aspects of nitrogen fi xation in his research.
For the time being, however, we will continue to depend on the natural variety. While we are beginning to learn how to make a leaf or a fl ower, we still wouldn't be able to make a plant, let alone a forest. There is still a lot left to learn.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk There are thousands of fl owering plants, and only a very small percentage of these have been domesticated. Of these, 3 species (wheat, maize and rice) supply the majority of our calories. These domesticated species changed genetically over the past 10,000 years to the crops as we currently know them, with, for example, large seeds, low toxicity, and reduced seed dispersal. Wheat has played an important role throughout history, and was an essential part in the transition from small settlements to large civilizations. Hundreds of years ago, our ancestors ate ancient cereal varieties like emmer, einkorn and kamut wheat. Now, we consume two major types of allopolyploid wheat (with chromosomes derived from different species) -hexaploid common wheat (Triticum aestivum ssp. aestivum) and tetraploid durum wheat (Triticum turgidum ssp. durum) [1, 2] . The fi rst is mainly used for bread and biscuit products, while the latter is primarily used for pasta.
In this Essay, we give a short overview on the origin of modern wheat, how paintings and other artefacts over the centuries can give insight into the Current Biology 27, R853-R909, September 11, 2017 R859 evolution of wheat, and what the likely underlying genetic components are that contributed to these changes.
The origin of wheat
The tetraploid ancestor of today's durum wheat arose about 500,000 years ago, while the hexaploid ancestor of today's bread wheat arose from a recent polyploidization event about 8,000 years ago in the Middle East ( Figure 1A ) [3] . Subsequently, the latter has spread rapidly across the world, and has become established as a primary grain crop that feeds a large portion of the world's population. At the origin of hexaploid wheat lie three ancestral grass species: Triticum urartu (or diploid red wild 'einkorn' wheat, from the German for 'single grain', providing the A genome), a relative of today's Aegilops speltoides (a goat grass providing the B genome) and Aegilops tauschii (another goat grass providing the D genome) [3] [4] [5] ( Figure 1A ). A relative of T. urartu, namely Triticum monococcum ssp. aegilopoides (also referred to as T. boeoticum), was cultivated as einkorn wheat (referred to as T. monococcum ssp. monococcum). The combination of T. urartu and a close relative of A. speltoides gave rise to T. turgidum ssp. dicoccoides (wild emmer), which was cultivated as Triticum turgidum subsp. dicoccum. The emmer wheat variety NP200 has a mean height of 110 cm, but cultivated emmer wheat can grow to up to 2 m [6,7]. The latter species is the ancestor of T. turgidum ssp. durum and, in combination with A. tauschii, gave rise to the hexaploid T. aestivum ( Figure 1A ,B).
The development of (cereal-driven) farming -beginning in the Middle East around 12,000 years agoallowed the development of large civilizations and triggered the invention of objects to, for example, process grains into fl our. Taken together, the associated social, cultural and economic changes going hand-inhand with farming shaped the modern world. In general, domestication strives to change a number of key features in cereal crops, such as the loss of seed shattering, the minimization of seed dormancy and the increase in both seed size and number [8] . These key changes were considered R860 Current Biology 27, R853-R909, September 11, 2017 during wheat domestication, including avoiding seed loss at harvesting (nonfragile rachis), a change from hulled forms to free-threshing naked forms (where the husk round the seed comes off during threshing), soft glumes, greater yield and shorter stems [1] . Gradually, genome sequencing of wheat varieties and ancestral species is providing further insight into their evolution [4, 5, 9, 10] and (comparative) proteomics is opening up new research opportunities [11] .
The depiction of wheat
Given the agronomical importance of wheat, this has been repeatedly depicted on (mural) paintings, basreliefs, prayer books, calendars and coins (Table 1 ). In addition, there is symbolic meaning attached to wheat, such as wheat being -above all -the symbol of life and death. It was the symbol of the Egyptian god Osiris (the god of the afterlife, the underworld, and the dead, but more appropriately as the god of transition, resurrection, and regeneration) and Demeter (the Greek goddess of harvest and agriculture); and wheat also symbolises the death and resurrection of Christ [12] . Wheat being sown is used as a symbol of penitence and modesty and a single sheaf of wheat represents harvest and fertility [12, 13] . Therefore, fi nding depictions of ancient wheat crops to illustrate how tall it grew is not particularly diffi cult. However, for our purposes of comparison, it is essential to use images that show the crop fully grown (e.g., at harvest time) and in such a way that the wheat is comparable to a standard sized object (i.e., a human body) as a means to measure its height. Important in this context is that the average body height of humans has not changed that much between the dawn of agriculture and industrial times (although exceptionally tall or small people might have been depicted as well). Over the last two millennia, average human height has remained fairly constant (~170 cm) until the onset of the Industrial Age (especially in the developed world), when we start to see an increase in average height of about 10 cm [14] . Among the earliest clear depictions of wheat are a couple of New Kingdom Egyptian murals that depict various agricultural activities. A wall painting from the tomb of Onsu at west Thebes depicts a harvesting scene where the crop is shown to be almost as high as the farmers themselves. A similar crop to the left seems to be as high as the farmer's shoulder (Figure 2A ; Table  1 -A). We know the average height of the ordinary Egyptian at that time to be around 165-170 cm, which means wheat at that time (around 1450 BCE) could grow around 150-170 cm tall. A contemporary depiction in the tomb of Menna (18th dynasty, around 1400 BCE) at Luxor shows similar comparative sizes (Table 1-B) . Another tomb, dating from about a century later (1300-1200 BCE) and found at Deir-el-Medina shows a male and female fi gure next to a wheat crop (Table 1-C) . Since the depicted crop grows almost as tall as the woman, and the height of the average Egyptian woman was about 160 cm, we can reasonably expect this wheat crop to have grown about 1.5 m tall. Current Biology 27, R853-R909, September 11, 2017 R861 before the mid-20th century, the majority of the depicted wheat was rather tall and reached well above the waist.
Revolutionizing wheat
In the 19th and 20th centuries, two key improvements, industrial milling in the 1870s and genetic improvement in the 1950s and 60s, revolutionized grain milling and yield, respectively. The invention of the modern steel roller mill -quickly replacing the stone mills, as it was fast and effi cient and gave fi ne control over the various parts of the kernel -was an enormous step forward and allowed low-cost pure and white fl our production [15] . The genetic improvement was led by Norman Borlaug, the father of the Green Revolution. He was awarded the Nobel Peace Prize in 1970 for his work to feed a hungry world, which saved lives. Almost all of the wheat eaten today is dwarf wheat with shorter stems and a much greater yield, making it cheaper and easier to grow than older varieties. However, modern wheat has been suggested to be less nutritious than older varieties and to contain a higher amount of problematic glutens, impacting on gluten intolerance [1] . But, there is little evidence -except, for example, lower iron and zinc levels in modern varieties -to support this claim of lower nutrition [15] . Nevertheless, the modern gluten-free market is promoting ancient cereal varieties as functional foods [2] .
The genes of wheat domestication and the Green Revolution Key traits selected for during cereal domestication are loss of spike shattering and converting hulled wheat into free-threshing wheat through loss of tough glumes. In addition to these, other desirable traits include changes in plant architecture, loss of seed dormancy, There seems to have been some spread in height, but most Egyptian images show a crop measuring up to approximately three quarters of the human body in height, which suggests an average of about 1.3-1.5 m. Time does not seem to have affected this correlation very much. Medieval depictions in the early sixteenth century show us a crop that is about three quarters in height as compared with the farmer's body (Table 1-D,E) . The works of the Flemish artist Pieter Brueghel the Elder (1565) and his son Pieter Brueghel the Younger (ca. 1600) all depict a wheat crop that comes up somewhere between the shoulder and the elbow ( Figure 2B ; Table 1 R862 Current Biology 27, R853-R909, September 11, 2017 changes in ear and kernel size, and lower grain protein and mineral concentrations [16] . In wheat, the non-shattering trait is determined by the brittle rachis (Br) loci on chromosomes 3A and 3B, and independently on chromosome 2A [17, 18] . Recently, a fully assembled wild emmer genome pinpointed the causal mutations in T. turgidum ssp. dicoccoides brittle rachis 1 genes, which are predicted to disrupt encoded protein structure and are likely loss-of-function alleles [19] . The free-threshing forms are correlated with mutations at the tenacious glume (Tg) locus, at the Q locus (which encodes an AP2-like transcription factor) and at several other loci; and soft glumes have also been linked to the soft glume (sog) gene [16, 20, 21] . During the Green Revolution (1950s and 60s), the development of high-yielding varieties through the introduction of dwarfing traits enabled spectacular increases in wheat yield [22, 23] . The stems of tall wheat were not strong enough to support the heavy grain of the highyielding varieties, and the plants fell over (termed 'lodging'), resulting in large yield losses. Central to solving this problem is the plant hormone gibberellic acid (GA), as the Reduced height (Rht) genes encode a GRAS family transcriptional regulator similar to Arabidopsis GIBBERELLIC ACID INSENSITIVE (GAI), a DELLA protein, that interferes with GA signalling. The base substitutions in Rht-B1b and Rht1-D1b alleles give rise to stop codons, and yield proteins that function as constitutive (GAinsensitive) repressors of growth [24, 25] . Historically, the wheatdwarfing genes were introduced from Darume (a semi-dwarf wheat variety) into American high-yielding varieties. The resulting Norin 10 was used in breeding programmes in the USA. Norman Borlaug (at CIMMYT) bred one of the resulting crosses, Norin10-Brevor 14, with varieties adapted to grow in tropical and sub-tropical climates. The Norin 10 dwarfing genes are now present in >70% of commercial wheat cultivars [23] .
In conclusion, integrated iconographic, historic, botanical, and genetic studies are useful to understand the evolution of crops, such as wheat. In general, the level of detail with which artists depict plants can be a valuable resource to understand plant evolution and ecology.
